Synopsis An ultrashort XUV laser pulse ionizes the D2 molecule creating an electronic and nuclear wave packet, with the dominant contributions from the 2sσg and 2pπu ionic states. A delayed interaction with a 780 nm IR field ejects the second electron, leading to the Coulomb explosion of the molecule, whose nuclear fragments, recorded in coincidence, map the dynamics associated to those two ionic excited states. By varying the orientation of the light polarization, one can control the molecular dynamics by modifying the ratio between the ionic states. Experimental and ab initio theoretical data are jointly reported.
The ultimate goal of attosecond science is to achieve control of electron dynamics in matter. Our aim is to trace and control nuclear and electronic wave packets in excited [1] or ionized molecules [2] . In spite of its simplicity, the D 2 molecule is an ideal benchmark for coherent control mechanisms combining accurate experimental and theoretical methodologies. In our experiment, a single XUV pulse (energy 42.7 eV, 7 fs pulse duration) ionizes the D 2 molecule, creating a wave packet involving the four lowest states of D + 2 . After some delay, a 780 nm IR field ejects the second electron, leading to Coulomb explosion. All fragments are measured in coincidence using the well-known COLTRIMS technique, which allows for a complete reconstruction of the fragment momenta, and thus for identification of the molecular orientation. The nuclear kinetic energy (NKE) distributions map the evolution in the more highly excited ionic states, 2sσ g and 2pπ u , which is usually hard to obtain. The coherent superposition of nuclear wave packets in the two electronic states 2sσ g and 2pπ u can be manipulated by varying the XUV pulse polarization with respect to the molecular axis. Moreover, the nuclear wave packet associated to each ionic state accumulates a different momentum since they follow different potential energy curves, therefore leading to nuclear fragments with different energies in the Coulomb explosion channel. Additionally, we observe interference between these two channels when identical final states are reached after the multiphoton IR absorption. This is shown in figure 1 , where we plot the theoretical data for the double ionization probabilities as a function of the NKE and the time delay between the pulses for perpendicular (left panel) and parallel (right panel) orientations. In both cases, we observe the coherent superposition of the 2sσ g and 2pπ u states. The time-dependent simulations are carried out using a L 2 close-coupling method [3, 4] , including nuclear motion and electron-electron interactions. The wave packets created by the XUV pulse are obtained from the ab initio calculation, while the Coulomb explosion induced by the IR probe pulse is described as a sudden transition in a two-step model. A very good agreement is bound between experiment and theory. 
